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CCTOCCEIVEiy HEAiflKCi A fjUnTSEHBAKEWJ OH* SHUS 'JO 
CX&'ME PE!«EJVaiLm AND SSiaSFCU»rt3*V PKTOCn OIL 

IKis invention roLirt^ to rararoHn^ oil. fxcoi a i^ubtacranean 
oil sbalii by rwwuw of a cavSoctiw heat dri^ra pmnjwjsj, 
l»rticul&rly, tha iowention relates to trtsartiTtq a ralatwly thicks 
and sub.?tazktlALLy ctftx>lfirtxily iirp eiiiicab le subtorxanc^ oil shale by 
nt^s of a. (xxndiictavo boatiitcr pLX>::aa» which both creates a 
penofia&bld ^cns vdtbin a sele^ifid portico of the oi I shale and 
suh99qaeiictly ptodusiis ahale oil liydrocadsQQS. 

A perrTDBab>ili&y-ftic3:^ type at ccnaucti.ve heat drive €br 
prochAcijiq oil fron a »A>terranean oil fihal« invented in swoclo) 
liy r.r4)Ufwrfitrt3em- Hat jwrceM /which W£td inx-entad about 40 years 
ago, was camiorcially ufied on a aroil scale in tho a»I«. It is 
dcficriba:) in StfeOish PatwttA K0»« 121,737| 123,136; 123,137; 
123,138; 125,712 an^ 126,674# III tlnltttl Gtataa Patent eOD. 
2/732,195, and in jomnaX articles such as: "Ondargronnd Shale Oil 
P^'rolyalft Accorditt^ to the hjmjstrotm Matbod*, OT^ Vfoluro 24 
(1953) Ko, 3, pegas lia to 123, and ")tet fiusrgy Rccovorie^ Foe 'Utb 
in Sita nlalectrlc (Iratijai? of Oil Shale**, Oil Shale S^ooposiun 
ProosodLrtga 11, paqie 311 to 330 (1978). Id tb9 Aifidish prooaea, 
I;dat in7ectd.on wslls attdt fluid prodiicjug walls ^tere oonqpl^d 
within a penreahle nftar-aarfaco oil ahale ftmnation go tliat tltero 
was Lc»ss thao a threa-ov^ina s^aratico betuoain tha borehDlea* 1^ 
>b93t indecticn veils vexe equipped vittx electx\cal or othsr heating 
olccDQuts uliich wet* atztxounded \yf a hews of cnat^lal, aish as sand 
or oansnt, arranged to transodt heat into the oil jtfiale \?bll0 
!P(revcfttii39 ao^ ioflafinq or outfLcwlDg oi fluid. In tha oil Bh«le 
for \^ic^ tlia SiMdifih itEooass was deeignad «ia tested, thd 
prnneabUity was such iteb* dud to a rmtinu - Jiiw inf lotfing of 9XDund 
watar, a cxsntinuoue Forpin^-oat of vatu: was naa^a^i to avoid 
wasting anargy by eva^ocettng that water. 

^Ith raapact to .ai^aetantially oooq)letoly ijcpoxtnaabla, 
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i-B-iativcly and jrclaLivciy t^dcX oil shale depoHitsi, such as 
tho»n vn die Piceanoo Iwuiin iiA tbe UnataiS statoe, tha pofljriMlity 
o£- utilizjng a ooaductlwe heatajig jiroi5a»» fear prodkjclijq oil Ka5 
prwictiaiy ooiisic^ertxl t3> be — aooordbtg to prior tc^icbirajB and 
beiieis — arrmoodcaiiy unfeasahle. Tor HOtarpbt^ in tha 
ahcwe-i<fcnti£ied 04,1 SbAlo SVti^Bi.utsu tte Ljiin)?st:roem pcrooo!;s is 
characberizod cm a proses^ whic^ '^^'«Aucces^^ully r^ovwrna ^:iUlIc 
oil by «nbe<Jdij3g ttibular e.lya-.nVvil htMxtiijg eltanaita u-ithin 
Mgl^-cpraiie shale depooits. This wcLhcd relied on orainaiy tlianral 
<3if fusion for ^aO.e Iv^dtiAg, w*iix*i, of. oauree, reqaiTe* laigu 
tfinperat^Tro <jrfidienta. Vhua, h eat i ng vwry injn-unifarmj nanths 
wore raquired to fully metwrt sarall j»TOOT-»ire blocks caf ohale. 
AlsOr ituch baat ei^ergy wios waatnd in undcrliiaitinq tlio chaiii xo^innf) 
bpyond the periphery of tiie xetxictjpg zone oad c^'crhftauixjg the 
»]uiie closest to t>« heat Doarda. T^te latter probltso Ih especially 
iiifx^rtant lu the case of I^>^«tftm fihotlefi , ainoe thenned to-jai-qy l.a 
overhaarbad zonefl, cannot b» fully nxorerad by di£fu-a.on dno to 
cudothortndjO reaction? which take place sdxivo 600 ^C." (pac^ 

313). 

In AiisetaDtially ia^erneable typfta of relatively thick 
aubtferxawn oil ahali& fanTatj.ons, tho creating and roaintoiniog of 
a pcjcuoicibijQ ibODB IJnrough which the pyrolysis producta can be f lousd 
haa been found to be a severe ptublonu In ijt* Patent Kb. 3r4$8/^76« 
it is fltatert <in col&. 1 and 2) that "there art two joochmlaxa 
involved i£i the transptMrt of heat thocoiigl; the oil nhale. Heat is 
transferred thttsugh the afjU<i mass of oil cthaXe by coeiduction, 
hoat ifl alas txanafcrrod by oonvectinn tlirough the aolid iraee of 
oil flhale. "Ste tranafEr of heat by oawlUDtian ie a relatively alctir 
prooew. Tha average chensul ooT^dnctiTity and av^rziQe tbemal 
diffueivity of oil shale are a)»irt thoee of a firei>ric)L. Ttm aatarix 
of pnljd oil shale has tm octrcoely lew CAsreabllity nuch IDoa 
unf;la««a paTOiaaj.a, As a rowAt, the coovcctive txacwcfer of heat ic 
liaite:} ta heetin? ty fluid flowe chcaiocd In opm channels ^ic^ 
tra.\«Cftta the oil ^le, 'ibca^ flokr aiannels say be natural and 
artificially imkjc«i fractuGTDs. ... On heating, a layer of 
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pyrolyzpd oil shal« bail43 aOJtiaaat tha cttawxl. 13da Uyfrr la aa 
ij^orgzmic wmeral luatrijt which oantairui varyi.ng (tegprocs of carton. 
iTiB layer is «n evcsr^-eacpiajdirg barrier to bant flew frcm ti» 
heating fluicl in tlie cbannal." tt© pattsnt is directed to a prcxssa 
for drculating hBatad oil bhola-pjrrol.yzinqf fluid thnxtgh a flaw 
chaaneJ v^iJjb fM i ir g abrasive jjArtici#w to tlx circalating fluid to 
erode th© layer of pyit^iyzect oil shale haing fonted isdjareat to tlio 
chajTinol. 

A].thDa^ tfaa th^aml coodoctivit^r thoaml dtffiAsq.vity of 
/nany ag>>cerr<aiioan oil atelcs ane, in fact, rdartlvely adjip.3>str to 
those of unglaxed porcttlaii) «Dd firobdck, US Patwit »i 3,237,689 
Fositulatos tha* "a rapid adranso of a Doat front- (Col. 3, lijia 7) 
can be obtaljiccl by mudt^sKvpxsq haat bft3«en tte oil abale and. a 
xjuclBor reactor cmlitvj fluid aral daanriJaes gyctens for lumtg w:* 
reactors either Iccfttad on th-s earth's surEaca or In the oil aha3A 
deposit. 

IS Patant No, 3,2M,291 asy^ fat Ool. i, lines 3-21), "Thft 
prodaction of oil from oil diala, by baatiiig tba ahai« by various 
cn^ans svtdh as . . . «m elArtrical re&iatanese heater . . . has been 
Atteftt?tfid with little aocoww, , ♦ . rractiiring d tb» shala oil 
pQ.-ior to tba applicatlco of hut tiwceto by in aitq ooitawtian or 
other means bas basn jsractlsed witli Uttia success becaoKB the 
ahala upon lioating with canseciiifint partia3. or oooplete 

oXosuro of the fracture*. Tba patent describes a pEoceati of 
dBqiientially heating (and thus sMOlijig) the oil £hal3, thai 
injecting fluid bo hydrmiliraUy fracture the eMolOAn ^alB# theaa 
repeHAon? thosa etB^ unrtil a haat-stohla fractuoce hzis betfn 
rirppa^Fatftd into a prodncHon wall, 

\ys patent Ho* ddfioribn th» aoaznnlatloQ of 

pda-tially dspleted oil tfwle CiagDBCitfi i#itMn a flow cbaimol such 
as a hori«dntAl fracturo bain? hsid cpea by tba yL -e Mua of tba 
fluid wttMn the c*ot»1. Thu patent disclosos that if tha cnannel 
rcot is iirtod to 9«lntalj\ a flow path above soch a layttr of 
dflpJeted «halfi, tbe ovmrXylJig fomtrt-inns nmat be bent ai\d, withaut 
pirec^autions^ vdll bard to an extent causing fractures to ^ctesvi up 



to thm "saarfacc of tha aarth* Tte patent Id eirrscted to a prooe«-i of 
inrtarndttenUy roclixsinq th» pcwsturc on tha fluirt vritMn sucb aa 
fracture to ailopr tha vaight of t±m ovctJoardan to cru^ and oorafnact 
ti«? layer of i^Xortail a^ade. 
5 Tn a sitjoificont portion of subotaxttiaJ^y Impeeseable aiva 

celAtivaly t^uc* oil afaal* depcisits, b-uch aa those in tt« Pioaance 
maXiif ift vzLUiable resxnoQ ut altini]\uj& is prjstssnt in tbs loxtn of 
daaeanitfl. In OS Patent No. 3,3W,97S, dij»cta3 to rooovoriag 
aiuRiimnm vaJueaft f rcsn retctrtad oil sbulim v^h^A hzRw baan ruined cut 

to Cron Boch deposits, it 1b pointed out thst, in a sitotontiai 

ataasxnom of waten at ttio^ieratures of about 1300 *P the douttcxiifae l9 
oanvt»:tfid to cr^'ctialllnd ajdiisn aUscinato. Such a Mater^froe 
retorting caa daua i ipo Big doIcaiLte in the shale, to ptoduca carbon 
dicKLde^ caldtfty and osignssluiD oxida so tUat ira9ncaium csdjcSa 

] <; codblntta witT) pazt cf tha ailicQD dloodde in tba »1\alc, io a xtonnar 
permittiisg a higher rsocmxy ot the alumiaimn valoag tjy n ipft^irnj 
pnxesc. us Patant 6lo. 3,502,372, dliwted to utilladug aoUtion 
miuog to rocover daMoonitae* indictataa that whara the ^yrolyia? 
effiected hy an aguauua flttLd« soch ataaK or the pzodisota of 

20 undar^itcnxDi coccbustion, it miat te ccnductod a>b a iov teo^oecaturis 
and tlii)9 roiativaly aXcxflyi to a^d ocnvcortlng the dsMssaiita and 
othar 90lu3»le aluobioitah cujyioui t ci s to an inaoXidble mtcrifil Sfjch aa 
a]^alcd.ti»« In Uft Patent !b. 3,572,838^ a similar ralatl^'ely lew 
tecipeiratura pyrolyaj a la altomabad with Ln^ecticns of an aquaoua 

2!^ aUcaline fluid oontaitiing an acld-insoliihlA chalating agont to aid 
ill looching dsaracnita without tevilng suoh insoluble ooteriala. 

Th» presQDt inwsxtion calates to a latu.tnw iac oonducti^ly 
li&atlng a sobterranaan oil afaals tooaxion in a mamar arrviged fat 
tscoducijng oil fxooi a ad j Uuij a ea n oil ahalA teicatlOD ia^ 
initially, fmbstantially iic^rocDable. m accordanoa ^th this 
iiwonticzi, tha pcactlon of oil abala depoait to ba txaatad is 
selectu;!/ on tha teaia of tihs varistiona vlth d^tb in th» 
ccx^oaitlon an ycagmetim of its ociqpc^i«nte» to have pe op a r t iaa 
capatolja of intac&oting in a naoocr %AsiA enhanoaa ths tmifbcnity of 

35 the heat fxottft to on axtent limiting tha tine and enexgy 
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<ixpea<llturfl8 pro^Juclng tha oil to values equivalent to Itiss than 

tha value ot the oil whlctt l» prodwcei. The aelectloo of the 
treatnent intarval 1» baoed oa the gr^de end tblckceea 0/ the 
portign of oil shale deposit to be treated end ttie enhanceaflat it 
providee emounts to raduolng the eAount qC heat energy loec due to 
exothen&ic elde reactiona end iocreaelng the anount of oil 
recovered fro« a ^Ivaa grade of oil shale. 

It! accordance with u^le Invention at least two walla are 
completed Into a auhterraneao oil ahaXe treatnant interval which 
la flubataotially loperraeable, ccatalna Bubetaotlally no wobile 
water, is at least about 30 m thick, is capable of eanflolnff fluid 
at procees preaaure, at leai»t aybatantlally within the traataent 
interval, and contatoe a grade and thieknese of oil shale each 
that the average grade in gallona of oil plus gee a<ju*valeot per 
ton hy Fieoher Airaay ia at leaet aboat 10 and Che product of the 
^rade timee the thiOtneas in oetrejr of the oil shale le at least 
about SOO. 

ThaSp the present invention provldas in a process in 
vhlch cll i8 produced fron a eubterraaean oil shale deposit by 
extending at least one each of heat-injecting and fluid-producing 
wells into the deposit, estaibliBhing a heat-conductive fluids 
iTiipemeable barrier betireen the Interior of eech heat- injecting 
vtell and the adjacent deposit, and then heeting the interior of 
each heat-injecting well at a taAperatuxe sufflelent to 
coudactively beat oil ehale kerogen and cause pyro lysis prodoets 
to for* fracti>ree within the oil shale deposit through vhlch the 
pyrolyais pro4acts are displaoed into at least one production 
vell^ en loproveAent for enbencing the unlfonilty of the beat 
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fronts Biovlog Uxrougli tli9 oil sbiil« deposit, which cocKpciseor 
aetenninlag variatiopB wlnb depth in the conpofiition and 
properties o£ cb« oil ahal« deposit; 

coTDpletin9 said heat-in Jec^iog and lluid-pioduclng wells 
selectively into a treataent interval of oil shale An which 
the oil shale deposit (a) is at least &bout 30 m thick, (b) 
is substautially iniparaesble and free of nobile vater, 
(d) baa a coApositioa «xid thlcluiasB sqch that th* product ot 
the average Fischer Assay grade tiooies ttxe thichoess of the 
treatment interval is st least about 900, ^nd 4d) thereby 
contains conponenta capable of InteractlAg in a manaer 
enhancing the aniXorTpity ot a froot of conductively 
transBkittad heat^ with said veils beiag arranged so that^ 
at least substantially thrpugtoat said tteataent ictervel^ 
the veil boreholes are substantially parallel and are 
separstad by aubstantially equal distances of st least 
about 6 mj and 

wlthia the interior of each heat-injecting well nalntainlng 
an avorsge taoperature vhlcta, selectively along said 
treatiaent interval , is at least about SOO^C, but Is not 
higb enough to themally damage shipment vithia the well, 
vhile heat is being traasMittad, avay f roo the vail at a 
rate not significantly faster than that permitted by tha 
thernal conductivities of the earth formations adjacent to 
the heated iaterval vithin tba veil. 

Xn a looatloQ in vbich a sgbterranean oil shale may 
contain portions vhicb are generally suicahle for use as a 
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tx«atw«nx iiit«rv*l (as 4«flcribed 4hov*) but are 5pc to b4 
p^rsiQfttsd by »ub8t«mtiolly dlaconnecM^ tiatural fracxuree And/or 
planes of v«aXnes8 as vf«ll as bein? losatad ii««r boun4arle6 of th« 
Qil recovary pattern and/or nftsr a poc«ntiaily active aquil«r, the 
operation of tha pr«aenr. process can advanta^eonaly b« oombined 
vlth a U3« oi *^ard walls" locatad naar ths perij^bary of tbs oil 
recovery pattarn and/oi: betvoau a production i7tli aad an a^ulfar. 
Such guax-d veils are extandsd at laast subfltantlal.:iy throughout 
tha vatticaJ extent of tha traatjiant intervals aad tha adjacent 
foriMitloda are initially baatad by thenial conduetloa In a oanner 
similar to that enplc^yed in tba hast^lnjectlng vollSr axcapt tliat 
the guard walls ara beateil at teBperaturas vbicb ara too lov to 
gasify significant pto^rtion of tbe oil shala organic coDpoDents 
but ara high anough to causa a significant tberoal axpsnalon of 
tba rook loatriv of tba oil abala deposit. 

in sons inotancasr it nay b« deairable to maintain sqch 

a 



'.'it 
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r«3.ativcly lew teirpeTratwre guard vxiU tiHactring tlinyjghauc at least a 
sut)3tantial pOTtico of tba shale oil r&x^^*y prtxresa. In other 
inHLduycMJ, altar aa isitlAl TB^at-lvuly lev ted^srnturo haating of 
tha guard Mells, it may ba ad>/ant39ea»i to 1t»L guard wella ut 
5 aJxnjt tha twcperacurc aclocerd for the hisat-iidecting wellfi, iij 

ordar to ei>^d tha pattcaai of volia fenw «hiai oiJ dispiaotid by 
thsnnaJl oonductlon. 

A9 used bciciA xmgarding th9 gca^ of the poi-ticsi csf oU shailA 
to bci tri^ted^ the "average grade in gallons per tea by Fiai^m' 

10 Assay" refara to tho follosnngr dAbAiadjutiosi if) cor la 

eqfolvalcnt to a dsrtamiMtlocx cocxa^cted dubetoitially an c b^^.ii bed 
in tha /^Sttl Btan^id Test Itethod l] 5904-60* Qrushcd rax akala ia 
rtimpl A-l ty rifflc^spllttliiQ* Tha datemdnation of tto Aotnojtxt o£ ciil 
plu& gas eqoivaXaTt avaiiablo- froo nil shale is loade by heating tin 

13 raw" shale fxcsi asiiient ceqperatuzc to 500 in cast aiunorttniv- 

allo^' retorts. The vapoard distilled Ctgeh the ssDOcpla aea coaled ard 
tha cxvulenoad fraction Is rollsntad. The oil and vater fractions 
ar« OBtviTtil-ari/ tfa« witer voluiM todOMsrtad to veught eqoivaleot) Is 
rodasorad and aabtracfrjirf frcn tbo oil plds watar vaigbt» ^ %<ex<^ 

20 o£ iincondoQsafalA ^aiaaa evolved tgafr-plus'loss) is tiaoaci oaiculated 
\jy daffec^ioe. ihs gradak, os used in tha "grade tliDfis thickness ia 
metres of oU 63iale* psoduc^x is tha gallons of oa.1 plus 
Iiydxocarfaon <sba eqiii\'alent c or r o apopdlng to tha tz^tal ^qht csf nil 
plu8 hydrocadxD ^as cvol^yed by the hnatij^gi 

?3 Tha uniOla ar« oacnploted into tin tresilznent xntertTal aiid ar^ 

arrajigGd to provide at laast cm eodb, ot hfiat-inleotin^ and fluid-' 
pox^luclng vaX-ls hsviisg boaraholcs which, BobatontlalLy thcoiv^KUt; 
d)c trcdtnent interval, are aitetantially porallol and aza 
99paxated by sitolaDtlally et^ial fUetanres of at l^tst aboot 6 m. 

jO ^ e<tt±t laeot-irrfecting «ell« sobstantlally thlou;(hout the ti e atng i it 
intervals t)ia wcll-s uixmj i di ng laca of ttte oil elmle fbimtt-inn is 
sealed vith a solid mtorlal and/or oament vhLch is relatively bsat 
oaonActi\« and svtotoatiAlly fluid Impafinaitfalii* Xn aac)\ fluid* 
produciziq Mell, 9ida9itaatially throuc^saut tho LiimtJiM a it intarval/ 
fluid oooaanicBtian ia A^babli^ied botuo^ tha wall barriiols sod 
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tltQ oil «hale fconoatlco onJ tha \«elV is arrangod lor pixxiucin^ 
fluid irom thft oil ^%ilc fomatixsn* The interior of oedi. 
hmt-injttctirq is ho&tcdt. at least scbstairttiaUy tJtrcyj^hcut 
&]ie tre{»t2ser}t intervaL, at a rate or rdteti ^yp^i** nf (a) 
j IncreaslDg the tEEferntare wichiii the bordtxi^ IntarirTr to at lease 
itojt 600 'C aEd <b) maintai.ning a torcholc intBrior tRnpgiratiJre of 
at ieaat a^JLt 600 ^ withcnrt causing It to bQCoaoa hiqii enaigh tn 
thC'jsitelly dABBQB oqutixneasit ^thin ths borehole vhlla tha rate bt 
v^<^ hoat is gensTated in borofaole ia fiab«tmti^3l>' eqpjol to 

10 that peimlccfid by tha hdat onxvliictivity of the oil bhaltt i caa ia i ti on. 

In a pvvferred aitodl^ezit of ^ preasit p:ooes6« tha. imtttriol 
for doalin^ tha f aco of uto oil Gtaalii ftir i M t i r xi alcng the borebolo 
of at- Ifwaf ooa haxt^-in^ocrting Vfcll la a closed battna cimng 
qrootjed by ocoiUDt amnqad to filJL substaAtially all c^f tha spacx? 

1 3 battraon e^ch outeitnoift antallic alanm pvBaent vlthln tbo Ijatorlrar 
of ths bocaholfl and tbe adjacont i»om of tha oil ahale focnBtlon* 
with said ocamDt hsxdng a ttreimL oondix^vity at laast 
aubfftantlally as high aa that of the oU sMla £onnaticzi. 
Oatomnatlans ara soda csf variatloo? wltb dapth in tfaa 

20 OGopoaiticxi and pxppairtiQft of tha oU shale deposit and. In a 

S^rtlcularly pi ^ f erv j ed procedure, i^aad on tha variation yat±. depth 
in ttva h&at oonduotivity of tha od.1 sbala dapo0lt< tha 
ijrjecting veil? axe l^oatfid so that ralstiiTelr hi^w ccBC«ratuzo6 
aro a^liad at dgpths ad^aoant to portloaa of tha oil ahala dsposit 

21; in wlvLch tbo bast oandacklvlty i? relatively lor. In odditioo, or 
altamatavaly* in vaxioaa aituatifloa, tha effective radius of at 
least one haart-in j«=ting %»U la increajsed by craating an px^gireird 
portion of tha veil booKdUtla and aactaQdin9 haat-coodacting metal 
eJjenants &an wii±iin the heated w&ll liatcrior to naar tha wall of 

}t> tlm aitpandad portion of tha boc^ttla* 

Tha pnaaot prooasa la valuaiftle for use «athiA a traatiBent 
irit£ac\<al of oil ahaia Which OGontaina othar valoabla itin^ral^ auch a? 
dao(9onlee and/or oaboolite. In aodi a situation the pcfisaaort ^taooaas 
cxBstea a perxcabla teooa )ihich ia saiactively loo&ted^ within the 

35 treatzD^ lobarval and ftabstxntiaUy within tha botmdarles of tho 
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weil patutom u&*d ±ar the oil ptoOucticru Tha mmiltant fcrucahle 
WTO j..^ a laca Crom ti^icb aorfi other caincxals can ta aVLntioa- 

In 9eo9ralf the pr&aaat invention la applicable ^ 
fiubstaotiaily any aubtecranaon oil jihal* deposit ccotaining an 
intcrvAl of BUbstanHnlly inqp«itni^lft oil sha]n which is 
3ubfltaiM..tally £rco u£ mobile Kacm^ is laurc them afcnut 30 ta Uu.c^, 
und has au adequate overa-ga gfrade in gallons per tuo (Piach^ 
Afi&ry> to crivB a grado-thiiArja»» panoduct ot about 900 or cfceater. 
Ths Avoroige grade of the hwbed Interval Bhcmld he groatca: than 
about 10 fjallooft par ton (Piscti» i\asay> . VZithln thsen liiirU;atxonc, 
a hlc^sr gradc^t:hi(d<D&&8 puooduct i3 incrca3ij^y deuir^la if other 
onniltlang such as depth rcn&ln tha sane. 

Ihs inventiaD vill now be cxplftlnad in cjxeaher detail with, 
reference to the aoooopanying dtavinsrs^ in v^iichx 

FignxQ \ shovs a plot of r&Utive rate of return tREO fcf 1982 
U8 dolloza itweeted in In^rtMlnij and operating rim pzoo3&fi of tba 
presont inventioo, as a tTsrctlca of oil shale grade^-thicKaes^ 
[(3)03) pEOpduct, tn proctaoe Bhalo oil a± its 1982 val;^^ 

Figiixe 2 illustnttaa a plot of thsmal pgnfflfta at an 
dbservation well regguj^litg te/Mpe x ' tiLmca neaBured at dlf ^^eanent 
depths (D) atid tima within that wall. 

Plgure 3 is a plot of the radial thsntal profilea at tha 
r)dje2dle a£ a heated tone etTtar dii£arent timea of heating, 

rigim 4 ia a plot of tttermni ocaQdacti\'itiB» paiallel and 
pGrpandicuIar to the boddliig plaosa of an oU stale ae a functioo 
of ttuycrtttiLMpa . 

Fiqure 5 is a qraph of Fiacbar Aaexy ^iold with d^ptb [D) Iq 
and abcm a hearted portion of si^oerrsnsan oil atiale. 

E'igures 6 and 7 are plota of horizontal and ^^ortioal 
tanpecature pxofilefl within a haotad portion ot nditeizanaan oil 
£halB fOcnatlcn. 

Figure 8 ie a ocheentio illufitratica o£ a pactioo of a «ieJ I 
ccoDplotion arcwxianpnt raitablo for practifiiDg tha praaanrt 
iimntion. 
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v«ZI pattca:b ustii ±br the oU protiicticru Tha wwultant pcrflcablo 
znm> a zoD» irca ^icb aoch otJTor tsdjnc^lm can ba »Uut1oiv- 
ndned« 

In qamrsil, the prcfiant ijwentlcn is applioablii tu 
cubstatttiaily any sutotcrxanaan nil jihal>? rScposit ccataining an 
interval of »iib«tBnt.in11y ixaporaetablA oil sha]n vhi^ is 
auhatam-ially frco of inohiTa KaCtt:, is ffocc than abrait 30 ta tJu.c^, 
iiad has au adequate omtaqm Trade In gallcnfi per tm (PIik^i^ 
Assay) to give a grad^-thldcn^n pamaurt oC about 900 or gxeater. 
The Avoraige grade of the hwbed ittbarval *oulri be 9reatca: than 
abcut 10 f/aUooft par ton (PiscJw i^&^> . Within ttiaaa liraitaUonc, 
a hlQhsr grade- thictoeds pmlurt increaeingly dattirsibla if other 
condltidnii such a? depth XGEBeln tha sane. 

7h2 invsntioD new be explaload in greater cfctail with 
irefercTxie to thft aoocxifSEnying drawija^s^ in vdiidEis 

Fignxe 1 shows a plot of relative zate of return 090 for 1982 
U8 dolloze irweeted in Inst&IUog aod opei^ating tiie proooss of tfaM 
present imttotioQ, ae a tonctloa of oil shale gradeHMcdcoess 
(Osnn product/ to pxodaoe daalo oil at lie value. 

Figoze 2 illustretae e plot of thsxnal profllea at an 
db&ervoticn well raqFartUitgr teg p eraL uree aeasared at different 
depths m ami tinee vithin that wall. 

Plgure ;^ is a plot at the radial thamal profiles at the 
ndddle of a heated cone after diifamrt tixoea of heating. 

Figure 4 is a plot of thezael cao±icti\dtifi* r?'*-^^/''^'' anA 
porpoRdlouIar to the boddiitg plaoeB of an oU shale as a functioo 
of tcopcrature. 

Figure $ is a qraph of TtBCfaar Aee^ yield wltib d^th tD) In 
and abcm a Hearted portion of aiteerronaan oil flhele. 

f igures 6 add 7 are plots of hcrlaanial and vortioal 
tenpacature profiles within a heated portion of g uLtenai iaan oil 
£hala fbsQtion. 

Figm 8 ie a ectieoBtio llhintraticn of a portiaQ of a «feJl 
cccplotiGn arranqeti^ saitable for practisiriQ tha pr e flan t 
Inventicgru 
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car aanri, Ujurgstrosa teacJws that tha in flitu heating and 
pyrolyzing ahnar<i ho dona in a i;octic» or th» ijEpant^lc fonnaticst 
whif^ is vertically ^xontig^ioua to a well-ijttuiounractiiaq fracUu'e 
or a. layer vdiich haa different gaoL^gical character azjd ia 
penneabLe to Hdh of the fluid produrrt.B of ti» heating ur 
pyrolyjiis, 

Ccntznx^' to the Jjrplica Hnnfl of such prior tnschingps ai:r1 
beliefs, Ai^^ilicsats cMooosurt^ thqt tha prcaonrtly dsscrsbodl 
ctzu3ucbive hAatlog process is oconcndcaaliy Cesisible for u&a in a 
ai^>&tantially Inpetsnoable subtexramm oil ^Ja* Thie 1^ not 
obvlflua, pLTticularly in view of tte fact that tha prwwmt Fffcccss 
U993 a much larqar well s^tiainq than tdat u&<^ in tha Swedt^ 
pi-nae!»9 and tha preaenit pcoccu i£ concSnctad hy hcatirvj tha 
iniecTtfcn vtUs tJ tenpfficatures oi at inoart about 600 <^ laitfaocjgb 
600 *C haa been wid to bii conducive to m ticooauusaiy untai^lft, 
hjub-wastiog^ enebtheznic remjtiaa}^ aoe tho Oil Stetlit Synfwitipi 
Pmaedings raantlottad atove) . 

3f neans of lafaoratcry and field taat tmvesasea&tta aaad 
iaathematical noctels of tfaa piea e u b pioooaa, applicant's have Coaand 
tJiafc whoa dsa are spooHd, cwpleted, add opaxiitad aa 

prsaently dtesccUbed, the only le^ion in viHich heat amrgy ia 
utilized in an endothatmic rwrticn atnrxnta to la^ thai atxxtt If 
of tha arte to ba heatod, iurid tha enargy lo6t in that faafeion i3 
ici8i9iiif ioastt. A ^ppl ira nta bavo uttosttrad tha rate at which 
aiibatajitially lit^ofon^la oU ^hato foroatifsn ara teated lyy 
OQDducti^dty, and have ddtacbdxad tha amount of hoat jequii-Qd fcir 
pyrol>'vln9 karogan aad thannally pittssarisiog tha pyrolysls 
producta to pneesurcs oapabla of fractorlng a mlativfely dsep oil 
^halta Cooxnatloa aad ttwmwHy displacing pyrolyvia ppodoc t a tltfough 
tha ao-czaated peneability, 

Ifaa data dbtalned by such ottaaorerastta in tha iidd and in iJm 
laboratory haw« baan «ap1oy«d In oaloulationa of powar roguiro- 
menta^ oconcDilcSf tijnt to atart proca:ctioii^ i»o:)ect doxaticn* 
aacnnt of produictiQa, ate., in satheoatlcai sljulatiorta that 
OQcialata with tho ftold aod labcxatoty data and irHimta the 
(oa^utodeg of such factora in raapast to a full soalo prtxxa^. 
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Ttew oalculations indirat* tJwt thn proTCotly ctei=in«a process is 
tha oniy shatla oil. ^nxtuction prcvc»» of whlcti ^i^vlicsntfi aco wacm 
v)iLch is »>6pab2* of cccnardcaUy ciDfcaining oil Crcm u relatively 
lew grade oil hha^e tonnatlrjn, soch as qoa in ^jAicii tha Pitcher 
Asc^ is oiUy IS gallorw or less per ton. Tha* capadxllity can 
Incrcacy tha petrolwan renctxwa of a aigraflonnt laropcartlcn of tha 
oil slydo land#i lay d liAAnr of six. In acWicicn, with respect to 
prooessec for undea-Tgromtd mining aiid otxiified in titu r«tn):t3jiy cl 
oil iAia3e# the piTsasixt gvocen Ri^ificBntly iJVTreACCO the ancunt 
of awaUisbie zeaofdroM eliaiiiatlng tJw nak) tor sypport jaiiiarn 
and iutorixurdan bet^weoo ndjiing and by pcoviding a tocans for 

treating snbatant tally all of a vejry thick inter/al of cail shale. 

Tha present pmoRss oan adrant^jgooualy ba applied to an oil 
Bhalfi! fonnation in which thera ifi «ijgDifl<SJtt cxmaentration o£ a 
TidnffT^al sfjch as aasrmiba cr naboolits. In sut^ a foimtion thet 
prooBM prOTld^ a pezrocabla zon* fixocn whidi Aid) a miaaral can he 
rGOovarad, u\ addltionr the lamtgut ptrocsfis ia particularly 
adrants^gscofl Jii convcrtiDg dsMonito to iMator-aoloble ccDipouncla of 
aluininiuai (prcbabl; thci-aliznina) ^ich have bc» (both chsmiceiUy 
and phyeicalLy) irofSe available for soiutuaD-cnliilng to pcoosx^ the 
aluntuiiran — ad eaaantiaX matarial itfht<*\ is in ahnrt Fwpply vitiiin 
the Qrvitad States. In contraat to many previoufcly propoaied 
procetsflofi^ tha process of the present ii^^entaon roquirefi la^ 
stantially oo wtsr* invol^^ sdnml lard diarviptian« and usn ba 
ccciductBd with miiiunal a t a pspharic poUutlcn. 

Figure 1 Bhoim Lhe rfilotivB raba of rvtum for 1982 US dollars 
invosted in installing and operating tha p > proemam in field 
afplicailons that have boeo mathasatlceOly iux3BllQd froa asta 
ohtaiiisa by field and laboratory aaaj uu .e m e ms . 
itrjtTL^ 1 

A xsrijaa a£ injectk^ and productioa walla in drilldd into an 
oil 9hale IbKiutlon 4B n in thicioess vith 120 n of ovexburtteo. Iba 
dM^xTiqa. o\\ grede of the iittor/ol le 20 gallery pur ten as ctetor- 
adJi6d bf Tiectcr Anoiy* 

TSiH wcU pattern is a Mwea-fipot with oa^ haat inj^Aoc at 
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tfaa comer of a XQi^alar hmcarpn oorzuundlng a ccxsmU prodhjcdnq 
wbU* Tho ^pscixag Is 22.5 a bstueen producers aoadl 5j)}«:ctora. 7lh» 
pett&tn r^pntfl with ptoAiccra lAaring tha iQl«ctnr» in cac* 
airecticm and aontinam Co torn a Cield^rtRi parttecn cspahlg of 
5 prcxJuciag a lai^s qpantity of oil. Ite InicctEw-tD-^aiTAjcBr racio 
appocoactos 2 to 1 in a laxga fiftJd. Tn Fbcanplb 1 tlitt total nil 
paodiucci^ L9 29,000 boccaUi pmr <^ tlu w ^ ia jt Itfu of tl*^ 

t!nj& iajectian weU? elecbilcal haaberft ara tsmnted into CJtd 
JO foQcmatloii and nrmna-i-arl to a power aooroo on tbo ttor&ca* llha 
p>xodactlon walls axe oc^ilfpped.witfa atandard oil field yuapa far 
lifting tho pvodoceA oil to tl» sur£ac9i« fRta electrical InjootlGn 
rato lA 3.23 X 10 fflVAeU per <teiy. tattwrrtnTB of tNs 
injcctora attnHrw 750 ^1^0 prodoctlon vidla raocb a tezsdnal 
15 tenpflaraeura of MO •C aftar 33-34 yvsxn of operatloo, Ptodactlon 
over tliU perioa aivexagej 5-6 ]»rxttlii/cby par Mill, with 
avQcagc zunfaor of Actlvv prcdociD? wells bzlxag fiua about 4OC10 to 
5000. aoat mnrtiwptlftn ia 1.1 x 10^ luo/baznl oi! liquid oil 
pro^uctioru 

20 Gaamjm pzodocts collected from tfaa ppcducticn veils ray be 

for on-aits gvnsiation of clootrioity or otbar puxposaa. Tt^ 
oil-^}\aso potrol£A£t tchiefa la lo b» to dnued la superior to txxtk- 
ventijiTnaXlf re torte d sh&la oil. Itaa xialatiTM rata of x c tui -n which 
can bo expoctad txcm tba If^cdoiple X sltoatiai Is illustrfltad 1^ tha 

?.5 "DC- 1" aittnrHcn daaignatim on Pi93re 1. 

>ti<rt^tt^ 2 

A fiariaa in jecticm ard ^oduction Mells arc drillad into an 
oi..l. ahale fonnation 225 m In thinlmaaa with 300 a of cwdbuxden* 
Tha a\facag» grada o£ tha oil ahaie Inbeival is 26 gallnna p^r tm 

AO an (ifttemfjned by Flstdser asftay. 

Thn patteKD la tha aaaa ssKtor^pot dtesctlbad is acsn^lci 1 
except tha ttpadov la lo betsmn vails imfftftd of 22.5 m. rrotal 
prodoctlcn la 25^000 barralay^ ixmaflmit tht U£a of the projecrt* 
The injeotor to proAxcor ratio atill apcoroac^iafl 2 to 1 • tn tha 

15 wells« the beaton and prodxrtioo ot^iipMnt am ainilar to tho^a 
amnriteS in »anpi& L. 
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'JJ-j* ft^fsctrlOttl injection ratft is 10. S3 x 10^ BOTAatll paj- day, 
TVw ini«rt3/3n well tcuporatuiBH irocti 750 'C aaad tbe prtsductinn 
weila raach a fi.oAl tcnparature of 300 "C aft^r a pxcxtuction life 
of ^10 yo^ira. Prodoctlon aimz this poartod avoragaa 
barrBW<tay per wull, with tha 3«erd9e nuitjtir of Dctive proteing 
wellJi teijig abcut 600. Th« heat ccnsurtptiiai !5,6 v 10^ imVbanel 
of li qm d oil proaoocoL 

Ab in a t art p le X« gtisecus prcducts can ba used for ocwiitu 
power gcitQr4ktiaQ or othear purposes hd/H tha liquid produce viJJ )>o 
lii<;h(iT in quality than con\wtiofwiUy retoactod sb&lft oil. lt» 
reiatiim rata of xctunx v*iich cao be orpacted i« iliU4itrated lay tJ» 
"H^. 2" situation (Senlgpruiticn an Figure 1. 

'Cable I lifitft ccTibinatlons of oil, sh&lc graian, fchicfcne99t»5 
and grade^hidcnocs products -vtu^ are gcsocrally isuitahle fca: iv» 
in the pneaenf; prooe^fiS* Thi& rttlati\<« positiooii of such Qzodv 
thicSau^ (xoductB v*it}i resp^ to titt relative rates of f inemclAl 
retuxzi am illuatcatAd by tihe aesignationft "PtttfarnKi ftm^e" tC'.E^J 
ana "EapieiaUy fxcforrod Ranga* (B.P.dJ on nguro 2. 



(^rate (galloofl/tpn) Oujc3ress W camcte x Thic^avass 

30 30 900 

20 45 900 

10 90 900 



Mox^ daairabl« grade thicdmcss eoctttplfia ora shotm as follcna: 



Grade fqiiilocw/ttjn) ^TiictaOCT <m) canade x Ihidcneag 

30 l!iO 4500 

25 60 1500 

20 300 6000 

15 «)0 9000 

10 225 2250 



in gracal, tho higter the ^radc tbidcnftftt product thn iroe 
di^wirublB. Ths pcBcUcal agplicat'.inn io Unltad ooly by ttm nbility 
to ho^rt tha daairwd intar^al. 
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Field Tygt; HoasugttiMPb g 

Tasto ^*at» ooDTUhictaxl in cnccropping o£ hj\ oU shale 
fcznfttioa inhich is typical of subfltancialiy Ij^puzsnahltt ^ 
rfslativoly thidc oil shalis dapouita. thirteen boocoholea were 
drilled to (Sspths bfttMcen 6 and 12 n imd vmnn Arranged tz> poxAoda 9 
pattam of beab-lnittctim, o^beexvatijcn imd tliridTJroduction *Atell*/ 
with the borcholoft Lelog apaocA About O.c in apart in order to 
prcwidfl a relatively n^ld aogirUntion of da±a. Baat injostocl 
At a L'dts of oboxe 1000 Wttttft par netre for five days. After the 
heat-'injcction inaall tsnporatixre bod xeacJied 4S0 *Cr ^ tc^pftzsiturH 
f^ll'Otf test WBft rub finr 000 day. 

Pignre 2 ahowa tte vtartical thjBoal pro£ilo» in an cbsgnvatioa 
well, as a functicn oC tloo. Thm data WM fitted to a natbsiBticaX 
BoJ.ution dl&ficribixi9 the tcaqmatsar* dijitritatixsn aroucd a 
f inite*-lNi)9th linu Humi^^ Inside* a joftdium of tbgocnal OGoaductivit^ 
(paroUal to beddittf^ 3.25 iiirmI/cR>-aec-*C tix^ thamal <x«^3sK±ivity 
(patrpondliailar) 3^25 scaVctt-sttc*^* ^ ^pqclflo heat CEqxicity 
\itili2ed ii\ tte oiicoXatiQiis vai cnftyitgd fica ths »>wtto»i 
camtetivity/ thaxntnl difftxsivlty^ and amaq» tyaV^ density of 
coTdB ra;:overed during drilling of thD mllB. The thszsopi]^'9ic&X 
propoftioB foK tbe tba oil bhala in tba tftfltfi cx^ndncted 

aro suotnacizfid ia l^tjble 3. 

IMIg 2 

Cnitial Hesenvir ^c^watnrv 

Dulk Dcnaityi 
IHacinal Dif&aivityi 
SpectTio [icat capacity: 

Figure 3 abows mdlRl pKOfUfis oaa^t«d for th9 mlddld of ths 
Ivc^fttcd 20i» £6r varinB basting tlnttfl (t) . At ths end of a 
toopexaturo build-up t9«t of 140.5 hourSr tt» avataga fbnrotiaD 
tn^eeaturo butaw a u ite bMtn; and obanrvatiOQ wall waa 120 



9.8 *^ 

20 ^Follon/ttsn 
2»20 9Q/an^ 

0.224 Gal/91 
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Plains 4 ^tcw3 a oacRpartson of iabn-aixTry vgAuBS! ftv^ fij&id 
data evlatbm to Vm chanial oaraluctivity purall»i tn ard 
pcrp^z^culor to the badcSinq pljme3 of the oil shnlci fiomixbiGn , bm 
a function of tocqpttrature. Tha Xaboratiwcy oonductivlty tnoasuxttittnta 
5 viere sade on adjac^t anspleti of uuL c a froo the cbservtttlci:) well, 
visnng <cne CD2X^ cut pttrallal to and how cut pexfeoxilculAr to tlvi 
beddiDg pianftn, h m trogcn-nateDC^^pi^ecd ^os uaedl to elisdnitiB 
carldat ion naoctian* Tha sssiples veoce ccnstralncd in tha varticsU. 
direction but wara frea to expaiid radially < After the asmplos w^re 

10 heated to 800 t]i» radlftl eoqpanaian avaragsd chCMTX la 

ths figotes, tho labc^tory valUAtt ortt in ttJECBiiarrt su^reenBnt with 
tJtti vftlUBs o rnyn t e d f»a» ths field data* Tfao tttati* lodicala t>-ot 
the lAieis&l OQ^tddctivity ia icwer ii) direction jpcrpttcidicular to 
tha bedding plimo, becau^ keto^en Oayerjv bsim a lower oondcctivity 

I.S than tha dolcndte natrix. AC tenperetures belov lOQ **C, tte tharval 
conductivity in aauantualy iaDtTn|>lCr as ctoervod In thQ fi&ld 
tests. But/ that ooaaductlvlty baoMS Incaptasijagly a&lsotrq^lc, a* 
tha iQ9ro9en is xeoD v ed (at t ag p aratur aa fa«twaen 3O0 and 400 *0 and 
gan be9iQ9 to ooc^a^ the ftpooos bsbMoan tha layara* iUx^w 700 

20 both tha parallel and p&zpeodleular oanduotivity ftivTramea aharpay 
due to tha daoc^JOftitim Oif the dolomite ajid ewoltatian of OO^- 
Ifthen a aaJatctr ju ifl d n oil shalA fitmnation ia baatad th)» ail 
flhalA «!9cpRrttfe OS the tCDiperature Incxo&fidd. Hhen the oil ahale 
toK^uratun raa^as a kKngext pyrolysiisg ten^poiratuitt <far exaacphti, 

25 frcB) about 27!r-^ *c) additional axpansicn fcocces are generated* 
ThQ )cero9en is can^wartod to £laid& c^eblo of ocxupying a largu- 
volume than the katoqssn, and snch ngida beoocne increaslxvgly 
pcreesucized v&tm the tccBperature is Inercfa&ed. As rnoro fluid ift 
fiomod and txsrm fluid la haatad, hyrtrmli rally Usdnoad trau t u i'es 

30 form vitJiln tho oil dfaala fioisrotican. 

Fcactuices ^Icti are taydreulioally Induced within avbtorranaafi 
aaith frirmgfima fan along plaoss peipenfU.cular to the least; <^ 
the threu fxincipal cis^ramiive jU g -ssea (l.e^ one vertical and 
tiiO nutuiXly twivj a md i o j l a r horizontal coopreseive stresses) ^txich 
exist i/ithiQ any at^tasronean arth ImaLi cp. Hbusgar, Mbese tha 
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rq-toiuMc frftctareR tend to b© vorticftl, tiorijnntal fracitirec can 
ba fcTOKl ty Iftj^ting heatpd Ouido CO tlJot th» of thft 

viarticai fractorco are )ieixted mtaJ they swell shut. Dioj, W 
Liuxc«si/ig the HwiiA iajecti£xi pi»t>«urB to greater than tTAUbuxxifiai 
presaora, a harixantal fidctup o caa^ foemeii ftjch pr occ sgc^ Cor 
thennally In d ucing thii foncwtifln of hcarizcntal fracmec by 
injecciitg cstcrrtally hsotaid ana prescrartafed fluada are ^ascribed ta 
patanta sue* as the flbcwtt-irwrtianod US Pat-cnt tto, 1,28^3,781;, I© 
Patartt Nb. 1,455,391 by C.S. «atthaw»r ?♦ Vcvweoro C.W. VtoOeJc, 
ftnd tffi Patot fte. 3,611,785 by P.J. Cloittann. 

A^Ucaittd howo nant diiaxstwrodt that vhea &ub«tantiaUy 
iji^noBab3e siiheerraciCAn uil i^ialM hsTlnicr \A)c presisntly spacdfiad 
ccnblis&tlon of grada and t^li<^CD08& Uttca coDductively hc&toO u» 
l^^escortly epasLCied^ o zanxi of paxnctihility i»a jjeueXcped botsaeen 
wBilfl within the oil i^hlLu, Altttrogh the profiaut inventian i.9 not 
pttimiattS on any particular aadusniai, in fche course of sucfa a 
trrat ir ^ the heated oil sfaald btittMi as Uvtxfi \ It sciijootAd 
to tbe abova-deoctcXbed t^'pe of pxoos»*ft for thnmlly IndDdng the 
tocmtian of horlzcntal fractores. Sodb. a batesvioor vm» not 
predictable* Einoa tfaa pr«aent pzooasa is cporatad ultbeut any 
iaj«ctic30 of any tluLid* It apgoara that %dien the p ace ae u t sooocss id 
cporatixi within an iiipBiiarable oU fitaAls, tbft in alta, ganaradnn 
and <ti.q>laoeDCiRt of haatad azd hi^y ^nessurlzed flulda OOCuTa at 
the tinea and to the extents nu&siod to successively extend and 
IriotiEccrtally fracture ttttoogh SAXOOMiva prartioDa of the oil shale, 
whan tbo83 portiotta beoara oejndoctively heatod. Ha zona being 
htiated appeaxe to undergo a xclativaly uniSoao, horizontal^ radtal 
expansion throng tho oil ahoXa, act ^ rate set by tho thenral 
cooductivity of tha oil shale, m ead^ tauccaasiva location in whi<^ 
a Xerogan pyroly2is^g tu fqe aaj turB la ieBK*ed, fluids an>aar to be 
fcsrmad^ beated and pi^assuri^ad ao that aiLtetrntially any lAucticol 
f racturaa vihic± are fomed within tha baatad zona are sniMoquesttly 
cotfVsrted to barixcntal firachnres* 

A^plicaota' teata indioatad ChAt sttetantiaUy all of thm 
fluid pyrolysia ptocSucta of tha oil ^le »j»rAM to reskun in or 
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reax the lisartiots in «hid\ vefre fonuttd untaj llicy weitt 
<3l!»placed, tiuuujii siahotantially hoii^orxtal fnscturea, into wlls 
adjoining tbo heot-injecLiiig Hcllifc. In ndtUcion, tho fraetarei- 
ii^sJuciirg ^essmco of fluiite an ths l^ortvrrttal fractures appaara tn 
5 luivtt bum jwtooed as thoan f luicSs cxp&nU srd w» ooolod as t*^ 
tnoved anoy from tha bott»ttt pcartlanji of the bsKxtal zore. 

thft pnsBDt prooGafi seeam to ajiAioe the mDvirig of a zone 
uf te j-u^eu-^yr olyiftlog t«c^)eratures tfarcii^h XX& oil ^uOtt 
unradijrtely behlud a zona of Jxcalized fmctoring in th» 
10 fracture arx, or socn baocxsp, horircnt&l fractma, Tto heating 
and fracburlog acnes seen to vnkktgn % sobscaotially anifbotu 
boriiontal« radial ^ifanaux\ bhrcu^ tha cal jshale^ uutU tha rone 
of fjMcturiog rwbdxsft a Icxation (sadi as tha borrtioi» of a 
pT DdU L Ttim \mn.} fircn v)U.ch tha oil ahalo E;7ruLyBia products an» 

In addition, nppi \nmtz tm^e dlisocsvKvd tbat^ at iaaat ubacm 
thft ovecburdcs) praasurA ia iwnlly thd 2on» of pennpability that ia 
croatad betMMn adjAceot walla ratains a sigoificantly hi;^ <2acpcea 
of pcxsfi^ility after tiie ftanatlone have oool^, Thua it app^o^ 

20 that/ ovoD if the ovexbordsi prefisosa is bi^« an afplicerticvv of 
tba pceeent pcooess la cz^aable of foming a ti^ii— i f i t ^pt ^i »B t n ttr«f-<ng 
zcno In wfeich tha percoMbillty remaiDfl high or can ba rasdlly 
restocred by an inj^rtion of fluid after aose or aU of tha haat haa 
dififiipated* And/ tte dogcaa and locatiOD of that psnoeaMlity can 

15 be ajrvtrolled tf^' contoroUl^ tiia rata of rcoDTing ^it>4H fnn the 
prodncln? wella. 

T)ttt data obtali^d by mnuuracattt? iu field testtt of the type 
dsncxXhed etcftm waxv ijioluaive of s ths tbennal conductivity of tba 
oil ehole foKxoticn^ the eeaohmt at oil reoovcraljla fay Piad««r 

3U aiuOyr^A a:t varlooa da^ithe vldain htt^ inteocvaia of the oil shale 
bafiore and aftor hwctingi tha seasuroDBOt of the amx^ of 
pyrolyeis prodoste fOOOMarad, and tte like. 1<diila no ocDnmicetifan 
QKitttod LeU ecB i heat in^octora and pccdooers at taat startMjpp 
iajocticoa at the «Rd of the test JwuitfUa ted that paxjfleaibie 

35 chaODOLl had fibmad^ Btn results of atandsvd myLnatziix^ 
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calculatvma were ijxliuati,vR of the aH>110QliUity of a crrtcg pt, of 
t±s» typa <5e.?criJx«d iAote to the nwults <d>tai«ad by the teats, 

Piqfoiin 5 .1'; a ^rft^ of Fi£<^r Aftf^y yields, £xa& ttu tarqfvt 
zon^ in th» li«ld test* ac a functiao of df^icli n, Ttoe hcftbad 
5 interval oaitonded frod 4,2 to 6 Tim a^lia curve shows tto i'iclxls 
hHfore the heatiog trttai™nt and the. dat^i&i cwrve s^oim the yieldo 
airtftr Trt-isrtiJag was ocivi«t«l, <ftw yiolOc bafbra aodl Afb^ were 
ousemtioUy tba ?9nk» aatfiXdc tita beatod iDtmrval. 19]e vcasuxomavts 
were aadfr oa txM»a frm the ceatrc of th« pittoin befxare hsatlcg 

iu ax^ on oorofi about 13 on away after heating. Tha wiitti^m vliich 
ara apparent iu thcj» yielda are vithin the qdodoI linita of 
aocurttcy for tba TnramTrjmgr of 'Sixh voiueK* 

Mt^hiD thA httxtfld interval tte Fischer Aaaary yi<04 arops froB 
an average of 20 gallonB/tnn- before the tjust to less than 2 

J!> gallooa/ton aftxr heating. Ttm ratartJr^ efficieosy withla ths 
pocDcefia KM Man thu» tetter than Ml of Piartier Assay. 

The pattam and extent of dra looovttfy cfinfirHm tXw fact that 
little oil icae lost ovta- tba producuig horizon t hixxiij^ i v«t:tical 
fractures. In additioa, tba anif^onKLty In rotortinqr vfficiAnc)' 

20 thxough ttsa hasted zcot, ijndicateB that thezxal fronts ware 
ap^<ORiJDateIy uni&zna over snost of thd haotaci intei>^« 

The unlfomity of tba tharrnal froiits Ifi eviert aore apparent ia 
Pigoraa 6 and 7. nliey ahoir h:3flsontal and vertical teiqpereturc 
profiles oalouL atHd fca- a mt of vextlcal heatara in o five-fspot 

2.0 square pattoezu Tim t»t uaad in iihe oalculatlcus includial fcmr haat 
in^entcnns and Qoe oon tr a prodbsar (not .q^lCMX, but ceobored bGrtSf^en 
the heiators jdUMi on tha figcrree) . uaech heator uaa aasuEed to ba 
?A m long and haated at the rabd o£ 814 W/xl 

'ilie profiles Iji Tiguxa r> (gra;^^ of tea^orature variatlcnfl 

yo vdth diatanaee froQ the hcetere) waxm mlrwlated along a oorlzcntal 
sot^umt I^I^ ^etdOi axtonda tJircugh the add-points of haatera at 
np£»eite cnmars of tha Aqnare* Figure ? is a MnllAr <p2a^ of 
^otlLes alcng a voctical wigKeDt ^1^ en the axis o£ eyonetcy of 
tbtf pattam. 

35 Such calcnlatJonft ijndlcata that by tha tine retorting 



tOaijaratiirM t27V3J5 *C) «; rvacfaad at tha ofnire of the pattern, 
norc than 87* of ita voliro ba9 boon cunvortud whila only ^dx3Ut I4t 
of tbe ccffivartad volua* ua& heated to aorc than 225 FUrthenrare, 
th9 calculatiODS irdiCDte ttuit If tbe pcwcx in a£lt or 

rodusMS befior^ thst oc&ntr^ a tarcpnt t-eTrpcrAtiu.« siicti as 

3:^5 "^C, th« 3€vonin9 off of tte ttjanal fnonus will stlU halt th« 
oentze ol tfaa pattern to retortizig taapaxtitiJrm aKv3 will pl m 
re^^sos thD taoiwntm rim at the hoefa^d. Ihiw node nf opexation 
caiv eft3U7.c ttet loss thm 10% of tha ha&eed volisc is imtBi to 
TTCco than 3^ «Ci and thus cad trtCTMBii tihft thsxind efflcixa^ of 
tltt pcocefitt. 

In vi6tf of thd £ibou» test rmotts and tte oulcolatioivi hsrned 
C9i thoM reoQlto^ it a^peflra that, oootxa to tho parlor baoiiungB 
JLitdl H hI i of a / tha initial impiusttBbility of an oil ahale dt^osit ism 

utilised oa an advantA9e» Ihc ii^ltial iiiy a x ii Fmhili ty oonfijies 
the fLuida aaod fractnras vitldfi th» wsU pottttm, alnca cx> 
paOTNbUity odJt* vmtU tih» Boq» hotMaen the heai^-lnj^otiog and 
flold- yuLijdu ciny \«q119 becooe pecsfistft3 fay a p«ttezx) of heat-indkAOod 
hoglzcntal f23ct(n?09# 

In thd ixL e fegait pcocasa, the rate at «hi£fa hyart ia trvn^ttad 
into tte oil adnlo da^Mit la atm^ly affected bgf the tcnpocartuzo 
cpriiriwnt he tw aen a hMt-injectlog wall and the surroondiitg earth 
fomstioa. In a poneferred pcooo6l0BCA, tha datjttjednatticnu of 
variaeooos ffitb dei|>th in tha catpoaition and propertied of tha oil 
ffhale defxwt incloda a dotorwInaHnn of tha pattein of heat 
conductivity with depth vdthin the earth fGGaBatl<i3& adjacent ta tha 
heat-injecting mU. Sued on such dataminatiaQs tte tenpexetuive 
to vMch at least ana haat^injectincr well is heated are axxangad to 
ba relatively hi^gh at the dapthe at whidi the heat ocDdoctivitles 
of tha adjASent esrtb ftj uMti u tt arc reletiVQly low* TUim tenda to 
oause the rate at uhlcfa heat ia tFBDSOlttcd *>^''"**i^ dxa eaxth 
fioxaaticma oo te aisataotially nnifcBcn along the axis of the 
heat^tTi)ecting veil, laaam ptooetoea cai ba xrtUixed in order to 
pxovida hiqhKT taqpemtotee Id pcirtlcna of heat in^a^tin? wells 
adjoosnt razth forxetiXTis of relatively low haat oczvijctivity* 
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For ftX4mpl«« ia vl\m vtolch are b^inq h«ated by eloetrioai 
rd»lBTianc««, R<ldltloA»l resistant elCBwata cm be poBttlon«d at 
thd locac^lon ^bich extra ti9acln9 Is r«^uir«d, preterably with 
precautlODa bain? takdn td avoid the cr«etian of ^'run-Avey hot- 
-pots" due to increasing tettp«rature Curther increasing the 
reelataiiee and thua further lAcraaelAg the heating, toe ejcample* 
as deeerlbed in the coiBnoaLy afteig&eil Canadian patent ep^lication 
serial Xo. 498, &9« filed ^loveaber 21, Lsas, by P. VenHeuxe end 

10 C.F. Vao Rgrtnoad. In veils being heated by ceisbustlon* note, or 
lar^er^ er more heavily £iredp burner elenents can be paeition«4 
in aucb locations. 

Suitable deterAioatlonB of cottpositiona and properties 
of the ninerale andy'or er^anic ooipponenta of an oil mhale deposit 
and the variations vlth depth in s^3ch propertiee can be Mde by 
means cC knovn veil logging, reeervolr sanpling, and the XlKa 
analytical procedures* The deterninatione can utilize praviously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc. for exaaple, tbe variations with depth in the heat 

70 conductivity of tbe adjacent fon&atione can be deternined by 

calculations based on the kinds and anounts of materials presentr 
andyor by tberul conductivity lo^^lng MasureoentSr eto. US 
Patent Bo, 3,607^227 deserlbaa a logging tool containing a 
constant, ogtput beat soorca and three teaperatnxa sensors tor 
obtaining a lo^ ot relative themal eonduotlvlty 9itli depth, 98 
Patent ?e. 3/8S2,12e describes lodging cased or open borsboles tor 
tenperaturs, spaoitlo beat and theraal coodnctivlty, eaploylng a 
constant ootpnt beat source and three teaparatnre eenaors. US 
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Pst^nt tio. 3,6S4/969 de«ctli3«fl a logger for oaklng aratlon 
ia«a8\3re]B8nts ot tbcmai conductivity by taeatlatf a formation (or & 
txmm tJi^n owaauriBg tti« rate at which th« temp«ratur« ddcaya back 
to tl3« MblCDt taai^tatur*. U8 Patftot Ho. 3/^*1,1^7 doccril>«» 
lo99iD9 tlierffal OOddactivity of a cased vail by oicasuring tha 
tanparatura Qf the casi^tg wall before and aftar paasiog a haatad 
probe along the wall. 

Aa indicated ebova, oven with respect to a fiva-apot 
pattern in vbioh a alsgja fluid- producing wall la sarrouodad by 
four beat^ia jecting valls» aubataDtlally all d£ the ioter\'enit)g 
oil 
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shale cdi^ \>2 both retorted and uodv ^nnwbla* HoasNet, the ^e^ertt 
iiTvenilon is preferably coploycd iji a »i£xus( oi ccntd^crns seven- 
or ttuxtecD-spct pattcms — in citlutr ol viricb pattama 
(particularly in the thirteav-f?30C pattern) the retort log mtu in 
^ eifjnif irantly incrsasBd by having eac^ f )A]id-pXiXU7lDg veil 
Gurrcxindod by gIx or twelve haut^ injecting viUJa. 

line veils used in the pac&s<csrt pcocmfi ctm bd asplHt^ by 
eubstaotially any mettind for ^ri ] 3 a borehole into £dxVor 
cpanixsg a pr«-<nd*tiDg boreho3e Into auld cocaamicatioo with the 

1^ subterraneao oil shalu lonsation to bft Mjotd an an oix t^ln 

tzeatsent inbsrval. In Addition tyo having the spacitiad obswcu of 
uigniiicaant oacnantft of snbile vxatBrj C^cknese, and grade, of oil 
(d^^r iirtfirval to ^ich fhm pic ^ tjiL pnxesvn 1^ allied ^XTUId 
be capable oi ooof tnlicg fluid at lout eabstaatially wlfctiin the 
treatniNtt inbervalr at leest in respoct to allcwiog nu ai^iificant 
ifiaka^B into overlying iocstions vton tbs pvtufiura of tho Huid 
raschfts prricma piresauref and fractures the f^scation wit^iui the 
trttatxnant intttrval. Ttm bonholBi at mUb cmpleted for uiw in the 
prcaont pcooosg sboald bo sdsstsitlally pnm^lel and oepAratad by 

20 8td2Bt3nt£a3ly eqmal dlstanaes of at least about 6 lo. QctreatoJLe 

saporatiin difitaooatt batMosn injectcsra and prodocKB of frcxM stout 
9 to 30 01 are particularly suitadcxio. Bori^lds frea o£ deviatiora 
fix?in parallel. \&vidti cause variation ot incMre than about 20 pes: cent 
of the wfll dt&tanoes &»» |»&rtical&tly auit^le. 

23 ixi the heat- Jjrijec ting wXls used in tihe present prooestS/ fi» 

ccsncot or ouUfint-UJica oAtfirlal uhlc^ is usod to aaal aloog thii faoa 
of the oil shgt-lA fjocTMticn ie preferably iceiadvely heatMXDdnctive 
«md substantially nuid-inpaxneablB, RartlcoljarXy preferred cffnents 
aru fiti^slii ;£t t u apa ra urcg of at Ittaat aboot 800 *C« hava a 

^ relatively hi^ thmmwl conductivities « relatively leu pttxinfibility, 
little cr no shrlrtoge* an adequdt)» ease of pua9al:>ility ai^d good 
<*cnrfca3 nesistBDoe/ etc, Ths pesxnwbiUty and di^osition of the 
sealing uaterlal should provide a eeai capable of preventing any 
significant mount of fluid fXof beteanen ttse interior of the 
tcr^le ar^ tta ^cm a£ the oil ehale fcraatics)^ ao that the 
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rjrannfvr of henk frcffi the MjH to the fonnation ia sufafftanrially 
wntireJy Jsy (X5fv1uctic«. (^xa» portions of thft heat-in jortiug vail 
borcholft iir* 8fi^wtj\^v ijxieaced ia <iias»>tcr near upper £ind lowfer 
cxtroAl'LWfi o£ thu Lmutnnt. interTal, for exan^le/ Isy un&sr- 
a re<«9in04 the dtamt^fs oi^ ths incmad pnrtjons ar« pTBfera^ly at 
least aboat 110% of Lbe ntxninai borelviLa dLttsetcir* Calajm 
aiuninate-bonded ooDcretes eavi/or canaota oontnining aiuraina- 
siliuatB aggregitea (or fivA parUcJ.e9) are pftrticul^rly Ailt«ablo 
Tor U90 as such femrtrt-inn Cao^fieaLlng marterrlsCl^* I^c9ii|)!lj&9 oi 

10 suitable osnents and oaoj^reb^ Indoda tfaoea deBcribed in OS 
Intents such as 3,37$r252| 3,507,332 ood 3,595,642. 

PiqnrB 8 abcM a porrt.lon of a hcat-injoctlicg well borc^hola, 
borehDlo 1^ \dalcb ia luxLtabla for use In the pres^ ii^vcmtion and 
13 lot^tod Mithln a troa±QHnt Interval ot siAterraneaa o51 shale 

IS depcmX, f^eitDlc 1 ocntaina wnlnrgwd particns« Mich as partixx» 2 
und 3, nAdcb can be torrred by OGCveutiMval proooteros such aa 
ijDdorwsaa±fj(^ doriog driliinci, etot h caalng 4 is shown positioned 
witdiia the boft^tolA and i wumttml into plaoa viMi a fluidr 
iJtpenncablO/ hoat-coodoctiw material, each aa aaastt^ 

20 Within each etilarged borehole portion, tho casing 4 is 

ftguif^Ted with at leaat ocm haat^condactivo reetal. eLcraent^ soch as 
collar 6, ooontalxdii? mdially axteoaivte AleniHnta or pcctiovni/ such 
as fi^exlble necal tuesfeers 7. socih hcatnoonductivo ttetrrlflla torn 
rdAtivcly highly candoctive patixe finr conaocting beaU^ ftrao witbin 

ZS thc>. Intarior of a borahcxle to adnitaDtially tfaa wall of on enlarged 
portion ot cbe bortiKalA. oun^les of suitable heot-oond^ictive netal 
elammte inclizfa oetal mil acratchere/ tortmlajCT intoTurSr 
c^ervtralizers and the lite auch aa a Qaraoar-Lck Tuxtcboodar, or 
Boltlok R irt i rfennrt ar, o^'aiOable fxccm bak^line division o£ Efeiknr OU 

Sl> Tools cor a 101 Bar S ocntxali^ur Available turn Antaloga Oil Ibol 
aivi NvtuCacr^urlng Ccupflry/ cto. 

With an axwigiBent of tbe t^'pe ahsnn In YLqaxe 8, at' least to 
K3flaD iMtuot, the &uQt. of heat t lanigiitted fl we y £xcn a hot* 
iujoctinq mU am be ande xonB iiriftrm along a vartdcal line 

J5 tiwraraii^ a layor of relatively 1m bmrt oendiaotivity without tha 
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necessity of madntatnlng a bighur tanporatiM in rj» pnrtion of the 
\<9cll ctt^jocvnt to thAC layer. (4hsn a unl/u» tu^MtsituFB ia 
inftinfrtlrtfrtl '-i^thin tJ» interior of the boreholfi, tha eartb £nmstj.cci 
face. alonr| )»ucb on «nlar9td portion of th» borcbolo bcocnsas baotod 

ndrrcfter portions of tloe booMibolrt^ 5inc9 t!tm fen of ctie fc^smcloa 
8tftjojnin9 the bor^le is ha&tod to tha highofrt ter^ratare of any 
portiixi io tha foniaticn, ihs tcapcxartJurc. grddiBnt satanding 
r&aiftlly may £rm ttm enlarged poctlon oiE tte bazx>-faolfl is Bhiftsd 
radially auay £rcn tim bo£«huJe. 

Tn 9eo0ccalf the beating of tba jjitwHor of thd hBat«ipj«ic:ting 
vnll can ba aax«pli«he(1 by sub»tdntiAUy aoy typs of tssstin^ 
devioe, such as cortsuaticn «reVor electrical type of hcatiiiij 
oicments* or tha IDoa. ibe bastixsg elHnant stooM mend 
subAtantially throughcxit ttast timtm i it interval (preferably 
thnsLighaut at Isvwt «d9ajt 00 per cex^t of tha:t ix^rturvol) . S&are a 
cadDUfitlm type \-jsatinj elooent is aB9d# a gas^^fired heater la 
prof^TQd. Tba fbel aad caddaKxte for a coctastlm heater Isucb as 
netheTw and oxy^sti axo ^aierdbly aLVplied trough separate 
conduitfl laadln9 thmigh a beat csccbamgpar in vAilcfa the innrwring 
fluids are heated by the outflcwirg costastioa prodocts. tho burner 
iicxCTing and fluid conduits of a aoKfauBticn hmter are preferably 
ijiBtalled vutbin a wall cooSuit ^iiich is tform^ndad by an anoular 
Bpace that ia filled hj' the ccflaent tot sealing tise faoe of the oil 
shala. Oanerally stdtobla typse at cgttK iH tian heaters Mhicft could 
be arranged for nee in the pxeesatt prooaea are dperHhFrt in us 
DotoRts fioch Da 7,070 pBIUi 2,78QriS0 and 2^902,270. 

An electrioal reglstange hoatcv is partlcQlarly suitable 
heating tiA intnritir o£ a J^a t -irQecting ueU in the presmt 
procesa. A plxirality of rcelstance clbtiaatfl are prafarably ooRd. 
iba TVABtonce eJUncmtfl cm be RDunted witliin oar csctomal to an 
internal oonctolt or rod« or sinply extCTjaed into the boanoholc. ^ten 
the reeietanote are oa^bam&l to, or axe txm of a w^porting 
alouBitr sucfa as a mnAHt or read, tfaay are pcefenbly enfrertded in 
the cnrmt v^hlcb Gcais the face of tbe oU ohale alon? the 



trcsttiufiot iattiTval^ Gftn^raUy sidtablo typcfi of electrical hcfAtBtA 
^i^ic^ ccuXd be acrosgad for uaa in thft ^eseot proca:^ oro 
dascriiiod in TO? Patoxto fldttA om 2,*72,445r 2,4M,063, 2,670,802| 
2,732,195 a}vi 2,9S4,826. 
S In varj.ooQ reaeTvoix sitoaUcnft, p^tioos ol; «m ixLl shaiA 

dc^o&it v^cb Mould, in 99ner'al4 ^ suitcd^Ic for utt« a» a txeatmeot 
interval, an dsibctibiid in cur pai-nnt ae^)Jceita<Q. tnsy bo pc»rtft24Ltad 
by nauurai froctur&s avi/o£ plorfiH of vesOsnem. Oud\ relatdv&Ly 
vcesk rocXs may x^^rgo r<:L3tivcly long axtaoaicnB of vartical 

IQ fracturoa when FT«93urized fluida bslitg di<i>1 nrttl oiby £xui an 

injectioa \m11 QCA>tt intn ttno^ Tbia nsiy result in extending fluid 
pasAftgsMEiys Ixyond tito o^cnin^a into producticn wiX:!^ utVor Into 
«L^V}dcent aquifisra culpable of csQSlx^ an iJi£lar of Kobor to so 
axtant datrijisntal to oil rcGGVCiy j^occss. 

i S 19c. hiMU ditiuoveoed that prreature fnuXure exbenslcns 

can ba eroidod by drilling sssd baartinQ *gnard walla^ within su^ 
rulativfOy veak oil bIulIo zooafl iB locEttions aunnourdintf a pett^ts 
of ]%8ot injectiig and fluid producing vsells and/or in locfttiontt 
iiYbcrroittcnt batwaan a Haat injactiog or fluid producing xtdl add 

?0 an adjaoQct agoifiar. Sadx guard walla axa usod for cxaidDctively 
haatlng che adjoljalng tarmtlxxa aubatantlally tkmafixnt tha oil 
n>ialB inbsrval to ba trw ted bo a u cBpe aMi are which ia too lobr to 
gafiify fiignificaot propcacticna of tha oil siule ^gaolc oocp^nents 
bat l9 YUgh «»3U^ to o^ise a fiiyiifimpt thmiql npantrifm of tha 

71i ixxdca* Mu9\ t^vsaa cocks axe hoated the xurtural fracturtts ate ka|jt 
closfid end tfaa fracturing oaoaal by tte approaching ^^ssorized 
fim.d«i (displaced away fron Ivet^in^ecting walla) t«3da to ba 
litaitc^ to b^riscotal fractoxaa covantrated along tha aidoa nearest 
tn tha haat-irriecfcing welljs. ^ft»xo fluid prodJCiDg 'i»Lla ara 

30 locatod sobtttnitkiiilly batweeo tba baat^urlactiDg voUa and 

<^oar<% uteUs, the fractures arc pcofacafitialty uxtusOmA into thoaa 
uellr:, vberc the high fluid pcoasurea aia quickly xaduoad by tha 
production of tha inflowing fluid. 

Ifaa crvocmtaEring of sutdi relatively Maalc leeervotr rocks ie 

33 apt to ba iiadicatad b^' an inflow of water into ^lla driJlaS into 
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vwicno99 aM/or vAit«r inTlow can thetnuily cloGi>d by a 
ralativaly mild havtlngr lix>9 tho fracture poroclty is oot 
lac^ thas obojt 5 par ootfu 
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c M M s 

I . Xn a pQcoo»66 in oil is piodnoad fmm a sObterranew oil 

p2imlm di^Qsit ty extending ett luut one e^ich of hast-iujactijig and 
ilttid-prodtKing into tte doposlt, csfitdhlifihJj:? a haat- 

oGnductivQ fluldHif^eniBablo barrier tecwacn tbe ljiterl<»r at oadix 
tmt-in^cctlx^y and t±a odjacvrt dqxsBit, and then haaUr^ dvk 
inti^cT of eaA beat-Xnjoctiog wttU at a teEpuatsra aufSlcient to 
oonductivBly bnat oil. enale lurogsn az^ oetosQ pyrolysia products to 
fon& £cactuz:«fl within th« oiX 9ha\e deposit (rhrcugb tbo 
pymlyslft ^o&kcts oto dl^i^lact-d into at laaab cob production wsll, 
an Isqpxovraent fior ^nhandu?- th» uoifE^ocdty of tha lazt trantjB 
iQovio? thxqrj^n ttia oil iduOe rlrpnuit^ %iilcb cxracadaDBi 

dartcxBdczixig variationa idtJi d^c^ ua tha copfaoflltjoci and 
propcrtlos of tha oil ohala dapooit^ 
c3CDpletaz39 said baat-lnjttcting and £lt3id-ptoducin9 Malla 
^laotivel? iDto a trcatxnont fntttrval o€ oil ahala in vMch 
tha oU shale dsposit (a] la at least about 30 m thickp (b) is 
sifbatantlaUy inpainiBabla and frae of tKtoiM vateri (c> has a 
ocopo4ltlOQ and ti!iickAai»a such that the nnjAh;t of tl^s av^Miagc 
Piflchar A^Aiy gra^ tinea tha thicteasa of tha tr aa anept 
intarval ia at leaat ab?at 900* and fd) iAmmbf contains 
<xn^»tt3 006«d3lc of inrtoractingr in a UDDar vhncing tha 
ui^ifonrdty of a front of coovtacttroly transmlttod haat, with 
aaid walla baing amxigBd ao thot« at loaat aubatantiaUy 
a^r noghro t aaid trMtaent interval, tha ttfaU. borefaolea are 
subctftDtlally ^arallal and ant aarnmt^ by scbataDtially 
ec^uaX dxatanoaa of at ledst aixut 6 bi;^ axtd 
within tha icrtariar of ^icft haat^injacting loail REdntalning an 
a Wuij ii tBparstm «ehi^, aalectivBly alon^ said tzaatment 
intosvaU is at laaat about €00 bat ia not hi^ anou^ to 
thenally dange ajjA i Mmi t ultMn the yall, wbild haat la 
being ixansadtted awny frcn tha veil at a rata not sigoi- 



flcanLly f&stor th^ tii&t parndttad ths thaoial Qan-* 
Ajcbivitdes of the CAZth lhmKiticin& odj^uttrit to tha baatai 
intaxvAl witMn ti» weU. 

2. T5» parocwte of claim ] in whirfi, to the «xt3ent required to 
k«op th» ratu «i:t M^iicti heat is tranaidttcKS U i fUJCtH tttd oil 
d«po«it cvtagtftntlftlly untium aloo^ tk: anoA of tts heated interval 
of t>« heac^lDjectlng vdL, tfac taipamttiira dit v^cb at 

Imct one hent-lnjecting veil is heated 1« rolstively hlgfaar At 
dspthtf adjecKvt to ^cecticfos of ihs oil sbale dagosit in vhldi the 
boftt OQrtdilctivities ore relatively Icwer, 

3. fhe pacc ccss of claiit 1 in which the r^te uf httiting tha 
intwH flx of at least one heat-lnjccting well is veurlcd to an estCDt 
cawsin^ an effective lemUxDq off of die tf«iiMU. front 50 that ths 
rate ^ ddumca thrtugh the oil <3hale of the th^rrni frcwt in 
ocQtimed at substmtlally the guoa rate uhila the rate of ijicrdaafis 
of tlie tffq^Qorauire wltMn th9 boreholo is significantly xcidnood. 

4. Ifaa prooeee of dauD 1 in ^^tilcb the heat-jnjestijag aanA 
fXiddrpcoducing >oeUs are arzui^ed in a mxiea of contiguous! 
pattezz» in oach flirid-produclnq veil is mstxoxsAad by at 
leeat four haett^inTectizig wells. 

3* iha pmasa of dain 4 in vhif^ c^tch flul<>-^cocA«hng vieU Is 
sortouodttd by tMsb/e heab-inje£±in9 visllit. 
6« process of clain L in uhich the oil lihalc grado is at 

least about 20 gallona per ton and ths 9radeH:hictees8 protat is* 
^t, least about 4«H]. 

7. process of claln I, ccu^LsdoQ the stea^ of 

in each hast-injectixv? welj r 9;^9tsrttially ttscco^ioat the 
trssTtOBnt interval^ ^ci^Hn^ the faoo of the oil ehala fooDBrtioD 
vitfa e solid aatsrisi vbdA la relatively heat-coDikickive vu3 
sitetactlally fluid ixpeaoftablei 

in at least one heatrinjectixig veil Incxaaain? the effecdve 
duanster of the bocitfiole in at least one pooctlcn of the tzeasncDt 
interval nl eatteaditt? at least ooa beatroOD^actipe vetal elsneni- 
Qem vithltt tha imerlmr of the bGrahQle to n&ar the faoa of the 
90-C9ilax99Kd portljCT) of tbs faarcholer and 

in oach Iluld-pEodusing wall# sokvatartidally tivoughout tim 
treatmt intevair ectahlishing fluid coomnication batwssn tta 
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tiore ar»a tho oil stale fonwitioa and airangiwg chs veil tor 
prndijcinq f Jiii<^ frcoi itw oil shal© fOTcatiao. 

a. Th* process of rlsin 7 in tim ntariaX nsnling th» £bgs 

of thor oil shola fonsitloci along ths borabolc oi: a b9wt-in>cblog 
3 well LS A oesno^ agrwttyfl to fill dubdt^Dti&lly all of the space 
betwmi the outarooat jQatallic ttlaofintft witbli] th4> Ixxborior of dso 
bor€h3l« and ^hm fao) of t^^ oil sJyJ* fatnaticn/ v^^c^ 3?*^/1 cmsnt 
having a theinpal oOTductlvity at laatert Rvtetantially aa higb am 
tbat of tba oil bhaltt fbxinatiod. 

(0 9. 'Hie pxcccsfl of clAla I ui whidi at Iwiat. era well Icx-atoa coar 
ao edgn of a pattern ol hwt-injecting and fluiehpnxSucincr %«lla is 
dXtfisr:i:3ad subat-antiolly thxru^raut tfaa tzttotevnt iQtar\<al ctod haixta:) 
&t a tcaqEMrabiTd Viigh ^atx^ to cousa a 1 vs^su^Ung <ind/Qir 

conprcsoivc stressing of tba-^aoant oartii fonDatlooB bot Ion 

15 enou^ to avoid aigniticBDt theaxnU nobali7»tian of or^mlc 
OGB|xoents of tbn oil sfaala. 

10. TJic e«ooos9 of claln 9 in «hicfa ttt least ott so heated well l5 
subsequently boated at about tte ^mpoaaxm acOoctod for ite 
heating of t^a haat^^jectiog wells being enplcyad^ 
20 11* ^ prooeaa of dain I U iMch thai vail Ixnbslaft oi' asid 
haat-injdjtioei and flpid (ndjcing Mils asft aaperatfid by 
&ubstnntially o^al diatanoea of stout 9 to 30 ra* 
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Sbile oil ifi subsequeaitly pEoduood fectt a gu b togranc a n 
iat&ival of oU shalA, ^disie the intazval is initXally 
sid^stantlally inpexneetolt and cortoira a opsdltiod gcada and. 
thickness of oil ^Oa. Said in*arval la cgndpcttw*ty heatad tcon 
bfn;«^3al«i iJYtttrlora ublcib aro ]cape faottar tiun aboot tfOO and ar« 
bcated at a rate such that Kerogsn pyioXysle prodcct? fborrod w^.tUn 
tha oil 8baXa czsat« and flew tbrajgh horiscntai fracturtts «id^ich 
«ubaaQ[uently beocno cact ooded Ijato fUiidr-^rodinlng veils tiat are 
^itloned la g pwc l fiad loGa.tLoR»« 
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